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e previous chapters emphasized the relevance of developing an exergame for balance training in older 
adults. To warrant a structured design process, a methodical design approach [1] was used. In chapter 
1 a problem analysis was performed, goals were set and a design assignment was dened. e current 
chapter will continue the design process with exploring the requirements of the exergame that is to 
be developed. To this end, a three-stage approach was used. First, a workshop was organized with all 
stakeholders to determine the most important requirements. In a second stage, user requirements were 
dened by conducting semi-structured interviews about exergames for older adults. ird, a concept 
version of the game was evaluated on game design, interaction and interface design, and satisfaction by 
older adults. 
3.1 | DEFINING KEY REQUIREMENTS: A WORKSHOP WITH ALL STAKE-
HOLDERS
When working in a multidisciplinary setting with commercial and academic stakeholders, interests are 
not always aligned, as explained in chapter 1 [2]. To work together successfully, dierences in interests 
need to be recognized and made explicit [3]. To this end a workshop was organized in which all project 
stakeholders were represented. Participants of the workshop included: a member of the Dutch elderly 
federation who represented the target group, eight academic researchers with backgrounds in biomedical 
engineering, human movement sciences, rehabilitation medicine, electrical engineering, articial 
intelligence and computer visualization, as well as six companies with expertise in game development, 
sensor technology, user requirements and tele-monitoring.
 To dene the key requirements in this multidisciplinary expert group, a process called Analytic 
Hierarchy Process was used [4]. is process was specically developed for medical technology 
assessment, and quanties the perspectives of the diverse actors in the development of new technology, 
thereby supporting discussions between these actors [5]. e method starts with a brainstorm session in 
which all stakeholders are encouraged to pose requirements, which are then organized by the brainstorm 
leader in categories. In our case the categories were: eective in improving balance, user-friendly, suitable 
for selling as a product, and relying on state of art technology. ese categories appear in pairs on screen 
and all stakeholders can vote which of the two is most important to them using a digital voting system. 
Voting is done by choosing a number in the range of 1 to 9, where 1 assigns maximum points to the rst 
category, and 9 to the second category. Pressing 5 thus means a neutral vote, indicating no preference. 
 Apart from nding the weighting factors for each category, this process gave insight in each other’s 
category preferences and underlying motivations, which were discussed aer voting. In a second round 
of voting with the same categories the preferences of stakeholders for their most important category 
were less extreme, because their understanding of the position of the other stakeholders had improved. 
Based on the votes, the categories are ranked from most to least important. e results of the current 
workshop showed that the exergame should be: eective in improving balance (33%), user-friendly 
(29%), suitable for selling as a product (22%), and relying on state of art technology (16%).
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Based on the discussion two additional requirements were posed. First the exergame should enable older 
adults to train balance at home, because the target group is not always able to go outside or willing to 
train balance in a gym. Secondly the exergame should be able to quantify postural control, so that users 
can objectively monitor their postural control and the game can be adjusted to the individual capacities. 
3.2 | USER REQUIREMENTS
Users are dened as individual consumers that expect to benet from using a product or service [6]. To 
meet their expectations and enable a successful implementation of an innovation, a good understanding 
of the needs and requirements of the user is essential [7,8]. In the current study, the ‘Users as designers’ 
method, which was developed by the institute of Art, Science and Technology Waag Society (Amsterdam, 
the Netherlands), was adopted to gain insight in the exergame requirements posed by the target population 
[9]. is method comprises a set of techniques that focus on getting to know the users, gaining insights 
in their needs and whishes, and involving the user in the dierent phases of the design process. One 
of the methods for gaining insight in the users is administering semi-structured interviews. In a semi-
structured interview open-ended questions are asked, thereby allowing the participant to raise issues or 
topics that may not have been considered by the developers in the rst place. During the semi-structured 
interviews a list of preselected topics is covered. e order in which the topics are introduced during the 
interview is decided by the interviewer, who selects the next topic based on the ow of the interview. 
is method aids in creating an informal and friendly atmosphere, thereby facilitating a ‘natural’ ow of 
opinions and ideas [9]. In the current study, semi-structured interviews were individually conduced to 
gain insight in the requirements and recommendations for a new exergame.
3.2.1 | User requirements: methods
Participants
Nine older adults (4 men, 5 woman, age= 75.3 ± 6.9 years) participated in the study. Inclusion criteria 
included: being at least 65 year old, living independently and being physically t, which was here dened 
as being able to walk without a walking aid for 15 minutes. ese older adults are more t than our target 
group, which was needed because in this study the participants had to play o-the-shelve exergames, 
which we considered unsuitable for the more fragile population. Exclusion criteria included: self-
reported neuromuscular, orthopedic or cognitive impairments that aect balance ability, and recent (<1 
year) hip or knee replacement surgery. All participants provided written informed consent and agreed 
with the recording of the interviews.
Data collection 
Two semi-structured interviews of about 90 minutes each were individually administered within 3 
weeks. e goal of the rst interview was to get to know the older adults, make them feel comfortable, 
and become familiar with their daily activities and social network. e information collected in this rst 
interview was needed for understanding the context of the participant, but it was not directly relevant 




user requirements for exergames. e interviews took place at the participants’ home, to ensure an 
environment that was personal, quiet and free of distractions. A location with these qualities makes 
the participant feel comfortable, which triggers him/her to elicit more personal information [9]. All 
interviews were conducted by the same researcher and recorded using a digital voice recorder. Interview 
topics included: game interest, game design preferences, motivation to play exergames, exergame 
requirements, exergame content, and the investments (in terms of time, space and money) an older 
adult would be willing to make for improving balance using exergames. Questions were open-ended 
and the order of the topics was selected by the interviewer based on the ow of the conversation. Only 
the rst two topics were xed.
 e rst topic was about interest in exergames. Although this topic does not directly yield 
user requirements, it does provide insight into how older adults perceive exergames. is part of the 
interview also provides the older adults with more information about exergames, which helps them to 
understand the concept and thus formulate requirements more accurately. Participants were asked about 
their interest in exergames at three moments in time, starting at the beginning of the interview, at which 
no previous information about exergames was provided. When the respondent was unfamiliar with the 
concept of exergames it was explained by the interviewer. ereaer six commercials of several o-the-
shelve exergame systems were shown to provide the older adults with knowledge about the possibilities 
of exergames. Commercials included exergames on Xbox Kinect (Microso, Redmond, USA), Nintendo 
Wii (Nintendo, Kyoto, Japan), Sony Eye Toy (Sony, Tokyo, Japan), Sony Playstation Move (Sony, Tokyo, 
Japan) and a custom made ight simulator using a motion simulation chair (Simbolrides, San Francisco, 
USA). Aer viewing the commercials, the older adults were again asked about their interests in exergames. 
ird, participants were invited to play several mini-games of the game Kinect Adventures (Microso 
Studios, Redmond, USA) for 15 minutes. In these mini-games the older adults were challenged to 1) 
close leaks in an aquarium using arm and leg movements (20.000 feet), 2) hit incoming balls to destroy 
wooden crates using arm movements (Rally Ball), 3) control a boat on a river by stepping sideways 
(River Race) and 4) pop bubbles in space by moving arms and taking sideways steps (Space plop). Aer 
playing the mini-games the older adults were again asked about their interest in exergames.
 e second topic covered in the interview was also xed. Here participants were asked about their 
preferences for a new exergame using a short questionnaire. First, older adults were asked whether 
they would prefer playing the game alone or with others, or if they had no preference. Secondly, it was 
asked with whom the respondent would want to play the game, if playing together: with peers, children, 
grandchildren, or ‘others’. Multiple answers could be provided. Next, older adults were asked to indicate 
to what extent they agreed with seven given statements about exergame content using a Visual Analog 
Scales (VAS). A VAS is a 10 cm horizontal line of which one end corresponds with ‘do not agree at all’ 
and at the other end with: ‘completely agree’. Participants were asked to draw a vertical line on the VAS 
to indicate the degree to which they agreed with the statement. An example of a statement is: ‘e game 
should be realistic. VAS Statements used in the interview are provided in Table 3.1. e third part of the 
interview covered the remaining topics in an order dened by the interviewer.
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Table 3.1 | Statements Visual Analog Scales (VAS) used in the semi-structured interview
VAS Statements
1 e game should be realistic 
2 e game should be imaginative
3 e game should be competitive
4 e game should be cooperative
5 e diculty of the game is (easy – dicult)
6 ere must be an increase in diculty
Data analysis
Digital voice recordings of the second interview were transcribed verbatim. Dedoose 4.5 (SocioCultural 
Research Consultants, LLC, Los Angeles, USA), a web-based application for qualitative data analysis, 
was used for coding and analysis of the interview transcripts. A codebook was dened by two 
researchers who discussed and reviewed the codes (Table 3.2). Codes were then imported in Dedoose 
and assigned to relevant transcript excerpts. Emergent themes and recurring patterns in the transcripts 
were identied and visualized. When asking the older adults’ interest in exergames, the level of game 
interest was classied using a 0-5 scale, for which codes were dened in the codebook and assigned to 
transcript excerpts. e responses on the short questionnaire and completed VAS scales were analyzed 
and visualized using Excel 2013 (Microso, Redmond, USA). 
Table 3.2 | Codebook containing parent codes and child codes used in Dedoose.
















Table 3.2 | (Continued)
Parent code Child code










3.2.2 | User requirements: Results
Game interest
Figure 3.1 shows the interest in exergames at three stages of the interview: before any information was 
provided, aer watching commercials and aer playing several games. At the start of the interview the 
interest was very low and games were rather negatively perceived. In general, the older adults were 
skeptically towards the use of exergames. Aer watching the commercials, most older adults were 
surprised about the possibilities of exergames and grew more enthusiastic, resulting in an increased 
game interest. Playing the games provided older adults with the condence that they could actually play 
these games themselves, which further increased the interest in exergames. Several quotes of a single 
older adult illustrate the increase in game interest during the interview.
Before watching commercials: 
“Yes, I see my children and grandchildren playing such games. To me this is nonsense and a waste 
of time. ey would be better o when they were just playing outside”.
Aer watching commercials:
“Actually I think I might like these games”.
Aer playing several games:
“I have to be honest, I did not expect this. I did not think this was possible. I like this”.
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Figure 3.1 | Game interest before any information was given about exergaming, aer showing commercials, and 
aer playing with several commercial exergame systems. Colored lines indicate individual subjects (s1-s9)
Exergame preferences 
e results of the VAS showed that 1) games should have both realistic and imaginative components, 
2) that they should allow for both competition and cooperation and 3) that the diculty should be 
relatively simple. Table 3.3 shows that older adults dier substantially in their preferences for game 
components. When asked about game content (it was not mentioned by the interviewer that the game 
concept of ice skating was already selected) most ideas were related to games from the past, sports and 
adventures. To illustrate this, several quotes are provided:
“I would love to play games like skating, tennis, volleyball, football and jeux des boules”
“I would like to go walking somewhere beautiful in the city or in nature. And when you pass a 
building or a tree for example, information is given. at would be nice, while you are walking”
“I would love to y in a hot air balloon just to experience because I have never done this. And to see 












1 Multiplayer Peers & Children 2,8 3,6 8 1,2 2,2 5
2 Multiplayer Peers 0,3 0,4 0,6 0,7 1,5 1,7
3 Both Peers & Grandchildren 0,9 7,8 5,1 3,2 5 1,3
4 Both Peers 7,6 7,6 3,6 --- 6,7 ---
5 Multiplayer Peers & (Grand)
children
3,9 2,3 6,5 9,1 5,3 1,2
6 Singleplayer Peers 0,7 8,9 0,3 0,9 0,5 0,7
7 Both Peers 6,8 1,4 2,6 2,4 4,2 0,1
8 Multiplayer Peers & Grandchildren 1,3 1,9 2,8 2,2 2,6 2,8
9 Multiplayer Peers & (Grand)
children
5,4 3,2 3,6 1,8 5,3 2,8
e results of the questionnaire showed that most (ve) older adults preferred a multiplayer game. One 
person wanted to play alone at all times and three older adults liked the option of playing both single and 
multiplayer games. When asked with who they wanted to play exergames, all participants mentioned 
peers and ve participants opted for both peers and (grand)children (Table 3.3). e requirements that 
were deduced from the results provided in Table 3.3 are: the exergame should have 1) a multiplayer 
mode allowing competition and cooperation, 2) realistic and imaginative components, 3) an option for 
regulating diculty.
 From the interview transcripts a number of reasons to play exergames emerged. Figure 3.2 shows 
that health benets and fun were the reasons most mentioned and covered 25% of the excerpts each. 
Other motivators mentioned included the social aspects of exergaming together (15%), a way to engage 
in competition (15%), improving balance (10%) and being bored (10%) (Figure 3.2, le panel). From 
these results three requirements were deduced: 1) the exergame should be fun, 2) the exergame should 
have a proven health benet and 3) the exergame should hold social elements (such as a multiplayer 
mode and storing high scores).
 Game requirements that were mentioned during the interview included an easy to use interface 
(37% of the excerpts about game requirements), increasing levels of diculty (25%), the possibility to 
play together (22%), and competition or comparing scores (16%) (Figure 3.2, right panel). When asked 
about the duration, it was found that most older adults preferred a game duration of 10 minutes.
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Figure 3.2 | Reasons of older adults for playing exergames and requirements posed to exergames. Percentages in 
the doughnut plot indicate the percentage of text excerpts that contained the code stated in the legend. Note that 
participants could give multiple answers.
When asked about the investments in terms of time older adults were prepared to make in order to 
play exergames, it was found that all participants were prepared to add it to their weekly schedule. Two 
older adults indicated to be willing to play exergames once per week, while the other seven older adults 
were prepared to exergame multiples times per week. e requirement that was deduced here is that 
the exergame should be suitable for playing at least three times per week. In general the space to play 
exergames was rather limited in the homes of seven older adults due to furniture blocking the way. Eight 
older adults were willing to make changes to their interior in order to play exergames in the living room. 
is nding underlines the importance of keeping the space needed to play the exergame as small as 
possible. As a requirement a minimum of 4 m2 (2x2) was dened for playing the game.
 It was found that the older adults were not familiar with the costs of exergames. When suggesting 
a price of €250, four older adults were prepared to pay that amount (or even more) and ve found it too 
expensive to purchase individually. ey however would be willing to pay for organized group lessons 
with exergames. One participant suggested to rent it:
“It would be nice if you can to rent it. en you can try it out and then maybe buy it. Also, many 
older adults could take advantage of it”
e following requirement was added: e exergame costs at maximum €250,- (but other business 




3.2.3 | User requirements wrap-up
From the semi-structured interviews we learned that older adults are not familiar with exergames but 
when they are informed about the possibilities of exergaming, they are more interested. If they would 
own an exergame system, they would like to play exergames together with others, preferably peers. 
Exergames should be rather realistic, but may have imaginative components. ere should be elements 
of competition in the game and some older adults would like to play cooperative. Older adults would play 
the games for fun, but they also want health benets. e requirements posed directly by the older adults 
are: the game should be fun, eective in improving balance, user-friendly, suitable for playing together, 
rather realistic and aordable (€250). Table 3.4 summarizes the requirements dened in chapter 3.1 
(stakeholders) and 3.2 (users).
Table 3.4 | Summary of the requirements dened in the workshop with stakeholder and during the semi-
structured interviews with older adults.
Requirements
Workshop with stakeholders
1 e exergame should have a proven benecial eect on postural control
2 e exergame should be user friendly
3 e exergame should be suitable for selling as a product
4 e exergame should rely on state of the art technology.
5 e exergame should enable older adults to train balance at home
6 e exergame should be able to quantify postural control of the user
Semi-structured interviews with older adults
7 e exergame should have a multiplayer mode allowing competition and cooperation
8 e exergame should have realistic and imaginative components
9 e exergame should have an option for regulating diculty
10 e exergame should be fun
11 e exergame should have a proven health benet
12 e exergame should hold social elements (such as a multiplayer mode and storing high scores).
13 e exergame should have an easy to use interface
14 the exergame should be suitable for playing at least three times per week
15 e exergame requires a minimum of 4 m2 (2x2) to play.
16 e exergame costs at maximum €250,-
3.3 | DEVELOPING A CONCEPT GAME
A game concept which was acceptable for all stakeholders had to be dened. To make an informed 
decision, a workshop was organized with all stakeholders, mentioned in chapter 3.1. e process was 
started with short lectures by the stakeholders about 1) deterioration of balance in older adults, 2) 
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training and analysis of balance, 3) the methodical design process, 4) the state of art of serious games and 
5) latest advances in sensor technology. Stakeholders were then split in 4 multidisciplinary groups (each 
consisting of 5 persons), which were instructed to come up with as many game concepts as possible. Any 
hardware and soware, existing or non-existing was allowed to use in the concept. Each group was then 
asked to select their three best ideas and work these out in more detail. Finally the groups decided which 
of their game concepts fullled the requirements best and presented this best solution to the whole 
group. Out of the four presented concepts the winning concept was chosen by voting. 
 e winning concept was a game in which the older adult controls a virtual ice skater on frozen 
Dutch canals. e user has to sway his/her center of mass in both lateral directions to control the speed 
and direction of the avatar. Bodily movements are captured using Kinect and translated into avatar 
movements (for further details see Chapter 6). e game environment consists of a typical Dutch winter 
setting with reed, snow, bridges etc. ese objects need to be evaded, and hitting the objects result in 
a virtual fall. A television should be used to display the game on. A concept version of this game was 
developed with the goal of having it tested by older adults, thereby getting more insight in the user 
requirements.
3.4 | TESTING A CONCEPT VERSION OF THE EXERGAME WITH OLDER 
ADULTS
3.4.1 | Exergame test sessions: methods 
e concept version of the exergame was tested in collaboration with Waag Society (Amsterdam, the 
Netherlands). Twelve healthy older adults aged 60-80 years old received a ve minute instruction 
from the test leader and were then asked to play the game individually for about 20 minutes in a test 
facility. While playing they were given specic instructions, such as: ‘try to evade an ice hole’ and ‘nish 
a complete track’. Aerwards semi-structured interviews were individually administered. Topics of 
the interview included: game design (gameplay, game world, and game mechanics), interaction and 
interface design, and satisfaction. Interviews were recorded using a digital voice recorder, transcribed 
verbatim and analyzed qualitatively.
3.4.2 | Exergame test sessions: results
Game design
Older adults liked the atmosphere and recognized the frozen Dutch canals from their youth. ey were 
however very keen on the game environment and noticed several aws such as: 
‘‘I miss the scratches on the ice. And there is snow on the embankments, but not on the ice. at is 
not realistic.”
e older adults also indicated that they wanted a livelier environment with more visual and auditory 
content such as ducks in the reed, villages in the distance, churches, scratching of the skates on the ice, 




the track, based on their speed and accuracy during the trial. e older adults however already wanted 
feedback about their performance and progression during the game:
“I had to concentrate on the ice holes, although I wanted to see my time too. I want to improve my 
performance every time and I would like to know the norm score for my age” 
Interaction and interface design
e older adults indicated that controlling the avatar using bodily movements was fun and they felt 
challenged. ey noticed that movements of the avatar were delayed and agreed that this slow response 
time was an advantage when starting to play the game, because they were given the time to observe the 
reaction of the avatar to their movements. However, the delay became annoying when moving at higher 
speed: 
“Because the avatar responds slowly, I am focused on the avatar and not on the game”
Because of the suboptimal response the older adults slowly moved towards the side or forward, up to the 
point where Kinect lost track of them, resulting in a non-responsive game. Older adults required more 
feedback from the game on where to stand. ey also suggested to receive more feedback from the game 
to improve interaction between the game and the user, for instance using auditory cues:
“If the skates would make a scratching noise on the ice then you would get an auditory cue indicating 
that the game responds to your movements”
ey also expected a very close resemblance of the avatars movements to their own movements. If they 
would make a very large sway, jump or squat movement, then they expected the avatar to do the same.
Fun and satisfaction
Older adults had fun playing the game, but also indicated that they were not challenged enough to keep 
on playing and most older adults indicated that the perceived exertion was relatively low:
”if the heartbeat is not rising, then I don’t think this game improves my physical tness”
e perceived success in a level was mainly based on the number of falls, whereas the game score was 
based on the time spent to complete the track and not on the number of falls. If a person would fall then 
they were disappointed, even if the score was quite good and vice versa: if they would not fall but had a 
bad score, they still felt successful. Most older adults indicated that they would prefer playing the game 
together with others. 
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3.4.3 | Additional requirements deduced from the exergame test sessions with older adults
Based on the results of the test sessions in which older adults played the concept game, eleven 
recommendations were made (Table 3.5). ese recommendations were used as additional requirements 
for developing a prototype version of the exergame, which is suitable for home deployment in a pilot 
study (chapter 7).
Table 3.5 | Recommendations resulting from test sessions in which older adults played a concept version of the 
game.
Recommendations
1 e movements of the avatar should closely resemble the movements of the user and the game should respond 
adequately in order to improve immersion in the game and make the player feel condent about his/her own 
abilities.
2 e delay between the movement of the player and the resulting movement of the avatar should be minimized.
3 e exergame should provide clear instructions on how to play it.
4 e exergame should stay challenging in order to motivate the user to keep playing. e diculty should thus be 
adjusted to the capabilities of the user.
5 e exergame should contain more elements that improve game enjoyment, such as more visual and auditory 
eects and a broader variety in challenges.
6 e scenery should be realistic and visual objects should contribute to the gameplay: for instance a boat that lays 
in the frozen canal should have collision detection, such that the player cannot skate through the object.
7 e game should be fair. If a player falls, then that fall must be ‘deserved’ and not caused by a bug, such as a lost 
connection with Kinect or an object that cannot be evaded.
8 e game should give more positive feedback such as compliments and achievements that can be earned. 
9 Statistics about level progression and performance should be clearly communicated by the game, preferably in the 
middle of the screen.
10 e game should have a multiplayer mode . 
11 Older adults should be able to play the game together in a location where they feel comfortable
3.5 | DEVELOPMENT OF AN EXERGAME
Using the results from the user requirements study and the test sessions where older adults evaluated the 
concept version, an improved version of the exergame was developed. Much eort was put into matching 
the movements of the avatar with the player’s movements and making the avatar more responsive (see 
chapter 6). Immersion in the game was further improved by enriching the scenery with a broad variety 
of objects such as villages, forest, mills, boats etc., and by adding the sounds of skates scratching the ice. 
Various diculty levels were included to provide the older adults with the option to select a challenge 
matching their capacity. Furthermore, motivating features like a schematic overview of the track that 
indicates the progression within a level, gold/silver/bronze medals that can be earned when achieving 
a high score, and an overview of previous scores at the end of a track (such that people can relate their 




A multiplayer mode where two people could play on the same exergame system or against each other 
online was not yet adopted due to limitations in time. Adopting a multiplayer feature poses a technical 
challenge and increases the price of the system because more computing power is required. Priority was 
given to a good single player experience, such that older adults can play the exergame individually at 
home for a longer period of time, which was needed for the pilot study (chapter 7).
 To fulll the requirement of quantifying postural control based on bodily movements made during 
exergaming, two more studies were required. First, the reliability of Kinect needed to be assessed, which 
was done in chapter 4. Secondly, algorithms for quantifying postural control based on whole-body 
movement data captured during exergaming needed to be developed, which was done in chapter 5. 
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